Takashi UDAGAWA et al. Q73669 
Filed: November 18, 2003 A/U: Not Yet Assigned 

Serial No. 1 0/7 1 4,6 1 2 Conf. No. : 3675 
SUGHRUE Tel. No. 202-293-7060; Ref No.: Q73669 
For: Boron Phosphide-Based Semiconductor Light- 
Emitting Device, Production Method Thereof and Light- 
Emitting Diode 

B ^ m # it 

JAPAN PATENT OFFICE 



This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 



m s ^ ^ B 

Date of Application: 



2002^12^20B 



Hi m m 

Application Number: 
[ST. 10/C] : 



#M 2002-370420 
[JP2002-370420] 



m m A 

Applicant(s): 




miiE#2 003-3092608 



#fl 2002-370420 



1/ 



[Jims] 



1025124 

¥^14^12B20B 

HOIL 33/00 

K 
13 



[mSlJ#-^l 000002004 

[mJSiJ#-^l 100077517 

03-5470-1900 
[^SIJ#-^1 100092624 

[ftSlJ^-^l 100087413 



tBliE# 2 003-3092608 



#11 2002-370420 ^- v : 2/E 



[ltSIJ#^] 100082898 
(MJ#-t] 100081330 
036135 

mn±m] 2i,ooor 

m^^] mmw i 
m^^] mm i 

i^mm^Vi^-^] 0200971 



tBiiE# 2003-3092608 



#il 2002-370420 v I 1/ 

imnmmm] 

X(Dr ^-ty'^mi^i 2X10 19 c m-3liJl±. 4 X 1 020c m-S^Tt L. 
X<D^^^) rmmi 5X1 0l8j^±. 1 X 1 0 20 c m-3j|^T L. K^MW-'k 2 
n m^:iL±t? 4 5 0 n mmT >2> . T > K- T^T'^^H^tT) p >; ^« 

19cm-3m±. 4 X 1 o20cm-3i^Ti: L, m?m-e<7)^^'J TfigJK^ 5 X 1 0l8 
c m-3j.:J.±, 1 X 1 0 20 c m-3jil.T L. J.o, ^ia-CO^&tn:^^ 0 . 1 n • c 

[tmm4] pjf^±^^yyh^mtmmtxmf^pMmm^. t>k- 
•7°t'#^B^B<7)pBi; y^mmi^MLi^s y h ^-^mn<Dum^hm^Lfzmm 

t i^mm-r^m^zm^^^fz. ^m^B(Opmv y^mrn^^^-^ -y ^^)i!fe^^-r 
um^h^j:^:^-^ -y ^ mmti)-hmj^Ltzc t^^Witir - 3 (om 
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(a^^G axl ni_xN : O^X^ 1) ^UiV) y itif ^ (fe^ 
^GaNyPi-y: 0<Y<1) i)^hmm.^fl^^t^mWLt'^^%ni^^l-7<0 

nfm^mt. m^^m±^^$mfzpm(Dit^^^mm^h^j:^vm±u^ y y 

m^B^m^jf^f^L. mm i m^^uMm izm^txm i (D^^^^mm x^m^^^^v 
Tsijto#^B^0®c7)pf^<7)v yimm^^h^j:^m2<D$¥^mMmifmL. mm2<D 
w^B'M.m\z^^\^xr y Y-^x^m^n<D^r^^) yimmi)-hmm,^ixfzpf^±. 

[m^M 12] m2 (D^^^aMm ^ > m.i^x(7) r^'t y'^mm ^2x1 0 19 

c m-^ii).±. 4 X 1 O20c m-3j^T^ L. M^^XCD^-^^) Ts^Jg^ 5X1 0 ISj^^JL 
±. 1 X 1 020cm-3j.:JlTt L. K^mWi 2 nm\^X±.XA 5 0 nmJ^Ti:-^^ 
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#M 2 0 0 2 - 3 7 0 4 2 0 ^- v : 3/ 

0 19 c m-3m±, 4 X 1 0 20c m-3mTi: L. M^^-CcT)^^ TfitJg^ 5X10 
18 c m-3j.:Jl±, 1 X 1 0 20cm-3j.:JlT^ L. M2atr(7)^^^^ 0 . 1 n • 

[0 0 0 1 1 

^fcfiiS^^I^^^O^^^^fCb-Tp-y-^ KT-^y (s i d e-u p) 

ft^mm.m^ycm'^ ^ fz ^6 o w 53 1- ^ „ 

[0 0 0 2] 

K (5^ffl&^^: LED) ^P--ifr^:t-K (^^B&l^; I LD) {±. -etittibiOSv^ 

. 3 9J^U^ (^fileV) <!:1-^'^;V7i£igH^HM (Wu r t z i 

t e) (Dm^t:^''} (it^^: GaN) (i. M'fl::*^"'; -^A • -(yi^'^A^^B ( 
a^^G ax I ni_xN : 0<X< 1) 7!}^(bm^^1/tmi<zMt ^ ^ "7 y K (c 1 a 

d) mmmtLxmm^tixx^^^o m i^M'fbt/#^#=^fijfflLfc^^*^{i. 

i^m^-hf&^mmmmi$^^mi:Lxm^^nx^^:^o iii mmim^mi^-^mm 

L/^t^*co|§7fc*T-{i> '^Jx.{i\ -^-^T^T (a-A 1203#^b^b) ^<7)#Mb^b 
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[0 0 0 3] 

nff^GaxIni_xN (0<X<1) =^^7^® ^ LT'dx.Ttitz^J^O p - 
mitm^m'i^-^^h^j::h±U^^ -y VmWL\^^lt:t~< y ^ (Ohmic) > ^ 

A ;s ^fi^(7) t o r v ^ ^ (^j X. (i\ mm^^M. i # h?) „ 

pSGaNSti. Vtm-h. ^^±mit^^M.^m^ (^B&l^^ : MOC VD) ^ 
^ll'fi^^J-v'i^'^v'^A (ytmU-^'.Ug) ^mn (doping) LXf^^^ii 

[0 0 0 4] 

#1"^ ^M^. nil J^S'fbtJ^SffJ . 1999^12^80.13 

US. i-gmt. 1 3^:S:(^~1 4*0 

[^^#i^:i:m2] 

mmm. nii -vM<t^!i7^##j > 1994^5^200 

. laws. (*) ^^H. 1 3 
[0 0 0 5] 

tC^oT. ^S$r=^-t-pBi^ 9 KBs^v^Jin^^^ h (contact) ilfi 

-^jx-t^. mtif') ^^f)-h^^hpii^<Dmmm^'fimiri>tzisb{z\>i^ ±M<Dtw 
<. vi^;T>v'^A (Mg) ^mm\^o^G ^i^^mMm^z'^'thmm^iim^'^ 

mx^^Mg v-y'G a-Nm'i:i&mx<^mmmt^^i-fzit>iz^ mmm^irmiirm 
m^j^m^j^^m^^ix^izm-ox^^^o ^^jt-ox. '^mt^h. p--^-^ YTy'fm<D 
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[0 0 0 6] 

-f^ m-lbr> V-y' (u n d o p e) X-mWzMnSLT^. mR. a s - g r 

o w n^xmr-^6^Ki&w^m<r> pMmii> fzh^^^m^um- ^ >^ ^ p wmmm 

* # X. b^i^#*#*T- ^ Jim 1- ^ ^ <7) ab -!> o 
[0 0 0 7] 

(Dit^^^mm^hfj:^ nf^T^i^ 9 y K (c 1 a d) nff^<50III mm.\\L^ 

pM±Ui^9 y Vmt7!)-hm^^ti^mm (h e t e r o) 

fix.. vf^±u^9y mi^^mmLx pfmm^mx.fzp^4 VTyy°m^m<D 
^mKmffz^¥^BM(7)'} >imm:^-^^j:^m i <D^^B^mt. mm i <7)W^mnm 

>; >^l:iS*/6^'b^;i)^2<7)#BSBg;l^^r^tTf5^t'btL/i, t> K-y-c-^iSa^Hco 

[0 0 0 8] 

(2) pf^±^i^ V y Vm'ktklf^fzi6(Dm2m¥^enm^. S?U-e(7)T^-fe 
•7°^ (acceptor) ^ 2 X 1 0 19 c m-^iik±. 4 X 1 0 20 c m-3mT 
t L> T?^m^ 5 X 1 0l^^:k±. 1 X 1 0 20 c m-3jil.T J. 
^mW-^ 2 nmiiJl±-e4 5 0 nm^Tiii-'E*. T >" K- yT-#^B^H®<^ p ff^V XL 

ia^^^'?.«^Lfcci:*#m^-r^±ffi (1) mmmcoit^^^m^m^o 

[0 0 0 9] 

(3) p?^±f|5i^7 >7 K^*. M?S-e<^)Ti^-fc7'iS' (a c c e p t o r) flgjg 
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^ 2 X r 0 19 cm-^^X±. .4 X 1 0 20 c m-3j^JLT t L. m7^X-(D^^ V T?^S^ 
5 X 1 0 18 c m-3jiy.±. 1 X 1 O20c m-3j^T^ 0 

: la- cmV^Tti-^. T> K-7°-e#|§H^c7)p0i; (BP) /^-fbtt 

^L/iii:^#m<i:1--5.JifS (1) tfzli (2) :mtcf2mo<b^^4^###^o 
[0 0 10] 

(4) pM±^^yy mt^mLxim^pfmm^. ryY-y'x-^^^n 
1) ~ (3) m(Di^M^imi^tm<^it^'^^^mi^^±mi^o 

[0 0 1 1 ] 

(5) pM±u^y -y vm<Dmmizmmi-r^mmmm^. mmu^: 
Ti) m^-^m^Lfzzti!mwLt-r^±m (4) mi>^t^m<o^t^^^mi$^m'¥- 

o 

[0012] 

(7) ^mmi. mmU^ :Mo) tfza:=.y>!r)l' (Tc^ia-^: 
Ni) ^-hmmLfz:it^:!WWLt-r^±U (6) :^tif£mo>fb'^tJ#^#:^7t^ 

(8) nfm^m(OnMmu mm^t^^mi^:^^ m^it-^') • ^^v-^a 

(a^^G axl ni_xN : O^X^l) ^Mit') yit:^' A (S^^G a Ny 
Pi_y: 0<Y< 1) /i»-^«^^tL>2>^i:^#m^-t^Jif5 (1) ~ (7) tcfE 

(9) ^ 1 <7)#b^bK)S;^^ mmtv yiit^mmm^j:m.mx^tyr> y-y°(D 
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(1 0') ±fa (1). ~ (.8) i^zum<oi\:^!^^mi^^^m'?-:^-^^j:^^ity-( 

(12) ^2m^^n^m^. ^ST*(7)Ti^-t7'i5'»tJg^ 2 X 1 0l9c m-3m± 
. 4 X 1 020cm-3mTi: M?a-e<7>^ V T?^Jt * 5 x 1 0 ISj^JlJ:, 1X1 
020cm-3mTiL, ^ 2 n mJ^J.±-t: 4 5 0 n ml^T i: i"^. T>K- 

y-e#^B^H^opf^i; >'fbi)l^/6^'b«^i-^^<i:*#m<t1-'2>±iB (i i) mm 

(13) nW^lM^^ y Vm^. ^7^-e<7)Ti5'-t7'i5'jtJg* 2 X 1 Ol9c m-3 
J':JI±. 4 X 1 o20c m-3jiJ.Ti: L. M^^-eo^ -v 'i T?jftS^ 5 X 1 0 18 c m-3j.:; 
±. 1 X 1 o20cm-3j^JlTt ^o, Mfi'e<OSi5L^^0. Ifl-cmJ^Tt 

(11) (12) tclBm^^^b-^t^^^^^T-O^it^^^o 
[0 0 13] 

S i ) ^ISb^b (v'j 3» , mtif') (G a N) , yitif') (G a P 
) ^<7)in -Wmit^m^mWWm^B. (A 1203^ISb^b) ^<7)m<l: 

tf^B^B^«^ LX^mir^o p --9-^ KT ■7''MO«^«ig#:^S«tt<50^B^B 



ffiiE# 2003-3092608 



mm 2002-370420 ^-v: 8/ 

if :i 

m^t^ti^^^mm (mocvd) -^^o^^g^ft^^t^^o. Tgp^^^-yK®^ 

.-tv^^-h;!/ (n • cm) i^iT tir ^i&mm<omnmTb^h=ff^^^t 
:^^mt L\^^o nf^OTSB^ ^ 7 KS{iMx.{i\ nf^S^b*''; '^A^OIII -Vt^ 

[0 0 14] 

a^^G axl ni_xN : O^X^l) ^m.it') yitif') ^ 2^ (a^^GaNyPl 

_y: o<y< 1) mti^hm^-^^^^o -r z^v^i^ (i n) «jt (= i -x) t 

fzit^)y (?) a^Jrb (=1-Y) imM. ^^l^/O-i^ia^^j-^Jt^S. 

(Wu r t z i t e) <7)^?flx.{i\ M^t:*''; A^rla^e-efi^ '(iffi«T=^<7)/^'> K<7) 
0<7)GaxI ni_xN (O^X^l) i^M<bi^^*#(± nB<7)||^)i^i=t 

[0 0 15] 

. Hi^'fbiBm (^T-^ : B c 1 3) ^H:^<b>; > (^?-^ : p c 1 3) ^w^^WM 
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tir:^^<nr> (h^ 1 o.g e n) ( F g :$:^b%^S^^®J .Vol. 24 
, No. 2 (1997). 1 5 0K#BS) tC-fiK 0 ^ffi^ft^-fr ^ tt^o tfz. . 
(5j^T-^:BH3) : B2H6) <!:^i^;^y^> 

: PH3) ^^IWMtir^^\^ K^^ ( J . Crystal Grow 
th, 24/25 (1974). 193-196 M#B?.) . ^VlZ^^U^ 
^ V -V (J. Solid State Chem. ,133 (1 9 97). 
2 6 9 - 2 7 2M#BS) -e^ffiJtft^-ti-'btt^o tfc. ^MM^fb-^t? <^ 'J ><7) 
7K^<b^t;^i^*l-^i--i>*«#«<b^6^^ffiltm (MOCVD) (I n s t. 
Phys. Conf. Ser. , No. 129 (lOP Publ ishing 
Ltd. (UK. 1993). 157-16 2 M#BS) ^ffi^S ^ ^ 

o 

[0 0 16] 

Moc VD-Sfi h >; j:.f-;viam (^T-^: (C2H5) 3B) ^(T)!,^^^ 

ft¥g<h^^o Mx.(i\ h ';-:i^^;Hi*/*;^:7^ > (55-?-^: PH3) /tK* 
(H2) RiS^#i± {^i^^m ^v^fiz^JEMOC VD-^tc^i9. 2 5 0lCi^J.± 
1 2 0 0t:J':J.T^: LT^S$-^^o 1 2 0 0 1C^^x.^l^-S-e(i. Bi3P2^ 

(D^m.^(r> V^bli^^B^ (J. Am. Ceramic Soc. , 47 (1) 
(1964) . 44-46 M#FS) ii^^ ^fim<^^^. -^fi:#:<7) 'j ><bifl*;6- 

h^j:^W^mn^^^LXfmr-^fj:\^^o 7 5 0 t: -^i^^^-eM^ ^: U > ^: 

^Jx.(i\ ±fEcoS^L:>m^flJffl1-^MOC VDrStc$,o-C. vxiii ]tm ( 
= (C2H5) sBXPHsWi^mmitm) ^0. 2m_li-e5 0J^T<7)|EHOlg:Jt^ 

[0 0 17] 

<7)iEHi*itcj^v^-cjtfc6tJi^jt^t^i^^f '5><7);6^^iii-.5,o m^\t. V/lll itm^ 
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mmas 0 nmiikTt-f^omi-tl^^^o MtC, Hi 0#NB^®«<?5ej?{i 5 nm 
~2 0 nm<7)jl/¥ti-^0;6WM-e^>i)o H l<7)^B^HK^<^S(¥{i. ^Mi^^ 

m^m (TEM) tc'fi!c^Kif®TEM^$-^^T-msiJT^-?>o #B^H«^<7)mT-i^isij;f 

ftfi^^n- (halo) ^^^Dt^^o 
[0 0 18] 

(iE?L) mmitmut^o m2(D^^^B»(D^^vrmmit. 5x1 oisc 

m-3j.:Jl_h-e 1 X 1 0 20cm-3jt^T<!:1-'5><^7i^l?ii-e^^o MJBLX. m.U<OT ^ 
-f7°^J'itJS{i2 X 1 0 19 c m-3M_L-e 4 X 1 0^0 c m-^likT tir h(7)-^mt Lv^ 

o vi-- (donor) ^^-^mmi^z^^^i- ^fzi6. T "t-f 9 m^i)^m,%m\z 

X^mmx-h^. mx.\,f^ JiH:^l^aEE (Vf) <^fg:V^L ED=^#^M^3fet-o 
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[0 0 19] 

mn. T> K--/ (u n d o p e) >^baB^«;^^'b«^i-^<^)Wi Lv^o 
[0 0 2 0] 

1 n • c mJ^:jiT^1-'2>. #is^B-eT> K-^'copff^v ><kii*;e>^<b«^-r^<7)^ 

$ftLv^i:-rao ^0«^^g:jm<^pf^S«^^^'b^'i>±SB^^^ K«(i. pff^ 
y h^h LTflJfflT-^^o «^^^0. 1 n • c 

mmTt-T'S) pff^±g|5i5'9 -7 FSti. S?m-e<7)Ti5'-ty^&tJt^ 2 XI 0 19 c m 
-3l^±. 4 X 1 0 20 c m-3j.:JlT t L. M?at?<^^ ^ V Tflftjg^ 5X1 0 18 c m-3 

i^jL±. 1X1 o'^^cm-^\^iTtirhm2(om^Bn(r>^)i^i\MmmiTmmtLx 

^¥^Bn<DV >'fb«gcopSfE#tt^^tt^v^'e-^«1--i.o 

(0 0 2 1 ] 
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lacoa^^&^j^L^opff^i; >'fbii3^*5F^^-r-?>t^«i. m2m¥^mnmtm--<ov 

s - g r w o n -t«:)L^<7)fg:v^ p W^^^^bM KUiiX^^o ^ y K 

mimi&ir^^^^B<opM') yimmm(7)^^vTmmt5x i oi8cm-3:i^-^ 

5X 1 0^^cm-^ti-:h(Dm^MX^^o 5X 1 0 l^c m-3^i|<7)jg:v^^^ >; T 
mmXii. m-i^<^UW]&^^\^±i-^ tii^^. 0. 1 n • c mJ^:;TOjg:?m^<7) 
pff^fs#)i=^t#>2>(;M^^v^o 5X1 Ol9cm-3^^£;£>i^^-^';TitJ^-t:-{i. 
||^e/i-'b(7)||^75«X^ tL^Jg-^v^^Jj^'ii L. Mmit^m<D LED tc7f^^ 

-^tJfc^o ^7t. r^'ty°^mmi)^4xio20cm-^imK.:h^mx-:$)^t. a 

[0 0 2 2] 

m.-t^(Di)mmx^ho ^it^^\-u^^^ir:hm,ti {mmx^^^) ti. p?^ 

^1-^#ISB^B®<7)g/p{ift;^-e^ 5 X 1 0-4c m (=5//m) J':JIT t "T'S <h . M 

7m\^%^^v>M±M^y'y vm^Mmx-^ho ^mnxit^ ^ij^z/^2(dw 

^BMm^^. pM±^^9-y m^:mi^. ^ISB^Be^-^«JtL-rv>^7^^A6. ^^t 
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m-r^fz ist><Dm:fj\^mh% ^ mm ^^t^ ^^ti)-h. w^m^ ^v'b 

[0 0 2 3] 

^^')rmm.^2X 1 Ol9cm-3^ L. MW-^ 1 m 1-^#^b^hC7) 

^^Mx.^^-s^^ffl-r^_t^^^ -7 Kg^jFM-e^^o 0. lo-cmmr^T) 

-9-^ KT-y T'MoM'fbtf^S^L ED T-(i. iBiJ' ^ KS^^'^-TpMl ^.M 

{±4 0%*itt^@^oTv>^o 2^M<7)«^tc^StL{f\ jiIM;^|6]«»iL^J£ti[$-^ir-2> 
[0 0 2 4] 

mm^<^umzit:z.yjr)u (n i) . (jtrnt^^: t i) . ^^-f-i/^A ( 
Ttmm^: V) ^<oii#^m^^^«^T'§^o (T i) ti. pf^± 



tiilE#2 003-3092608 



2 0 0 2 - 3 7 0 4 2 0 ^- v : 14/ 

[0 0 2 51 

(Dmm^^h:t'-< y ^mm'i:m^x^^o #^mM«i^ # (au) -^'j^j-^^A 

(7C^lE-^:Be) . # (Au) -MIS (tc^IS-^: Zn) ^t^hmffiT^^o 
[0 0 2 61 

mmmmt^ :t-^ y ^m^t<Df^mi<^. (x^ia-^: pt) 

x^:bo m^±m:^-hm^^^^^mm}i. ^-^y^mm^mmir^hmm^ 

mmmj&)^^<7)mm)i:Wi.imi>m^^i^m±x^:h^v rry (mo) ttzu^ 

y^Jl' (Ni) tfzii^^ (Pt) ;6-^«^1-<2)<50^$f i Lv^<hi-^o tfc. 
rBlil^^1-^#^JS<7)J¥^{i. 5 nmJty.±T'2 0 0 n mmT^f '2)<7)56^'ilf -So 

M«:jlom«=^#^v3 y '^O^ti^-^ y ^i±mmt^j: LX Lt 

^i^^/^^'^T'^o -:^T'. 4'rBi^^ 2 0 0 nmim^^mm^-hmfi^t^t^ ^ 
ftizmm Lxmif^:t- ^ y i^mmt p f^±u ^yy mt(D mm^mmi ^ti^ 
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[0 0 2 7] 

[0 0 2 8] 
[0 0 2 9] 

[0 0 3 0] 
[^WJ] 

iB^#|gB^BS*flJfflL/::||^iS^^;^-- K (LED) ^fflULT. :*:^^ti#:b^ 
[0 0 3 1 1 
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»•' » 

ULED'l 0<^^®m^lll^^-r:;0^.1l 1 9ifMEI{i|II2 tr^i-m«^A-A' 

111) -s im^^m^i^mLfzo m^i 0 i(D hid -mm±i^zit^ 
(mi^M.j±) mm±m%^m^ (mocvd) ^^^mmLx^ ryv-yxn 

M<7)^}y^mmM-Mi^ (BP) Tb-(b^j:^TU^'7 y Vmi 0 2^m^^-^f-Zo n 
MT^^^y Vmi 0 2i±^ Y')J^^)mm i^lr^: (C2H5) 3B) /"^i^y^ 
•7^ > : PH3) /TKm (H2) 0 9 5 0°CTff^^L/Co 

TfP^ ^ y Kill 0 2 (7)«J¥(i. r^ft4 30nm~460 n mOW^fe^^tloi/^ 
-r4 0%J':JL±<7)S:W^=^t#'i>7'v:i6ll. 2 4 0 nmtL;to n ff^TSR ^ y 1 

0 2 <7)^i=i^ft^±fBOiB^^^<7)>^#^^4'»fL7t:ft^ yi-^:^y^y (PH3) t^K 
* (H2) <^ri.^#H^^trS i-^ISs^H^^l 0 1<7)^^J^^8 2 srt^l^SLfc 

o 

[0 0 3 2] 

^^l^> h ^^^i';^'; -^7^ (^T-^: (CH3) 3G a) /"h >; >v 

■^A (55-^^: (CH3) 3ln) Xry^^r (55^T-^:NH3) XH2K!AE^^.n 
ffiMOC VD^^m: nf^M^b**'; -^A • ^v^-^A (GaxIni_xN:0 

^x^ 1) ^^n^^ 10 3^ Lxnw^ru^^y 1 0 2 Km^^^xmf 

fzo nM^t/tm 1 0 3 ^^j:-tm.it:^'V • ^ ^i^'-^rA^ti, > v^'-t^ AMlt 
(= 1 -X) ^^mir^mm.(7)^ (phase) i^-h^:^^m%^ (mu 1 t i 
-phase) axl ni_xN^;i^f?j#f^L/Co > v-^ A<7)^±^6^^|a^Jt 
fiO. 0 6 (=6%) -eaboTtio -<7)nf^G ao.94l no.06N)l;6^^>^^^^;i 

1 0 3<7)Ji;p(i5 0 nm^: L/Co (CH3) 3G (CH3) 3 I rK^^^gt^^^^ 
ihL-C. nff^Gao.941 no.06NS<7)^^i^fi$:ll-T^-ii:/Co 

[0 0 3 3] 

NHst H2<5:<7);fI'g-#H^'t'-C\ 1 0 l<7)a«^ 1 0 0 0m#?aL/it^ 
. I^tI&SI 0 3±tC. ±fB<7) (C2H5) 3B/PH3/H2SJ^rv^.#ffiMOC VD 

fZo m 1 cO^b^bSS 1 0 4 (i> V/III Jrb^ (=PH3/' (C2H5) 3B) ^4 0 
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mm 2 0 0 2 -3 7 0 4 2 0 ^- I 17/ 

"t-f^Mmit.' -bourne .-V ..(mj±) '^tc^tL(f\ exioiscm 

-S-e^feofCo iti. — j^<7)7}.-;v (Hal 1) ?**-ffllJ^-^tC'e^5h.{^. m^'C<D^ 
■VVT (IE?L) ?tJt{i> 4 X 1 Ol7c m-3-r-^)o7^Jo m I m^^s^m I 0 4 (DM 
mii 1 2 nm<!: Lfzo 
[0 0 3 4] 

mmmtLxmmLfz (C2H5) sbo^^^^-b., #ihL-r^ico^^B%s« 

1 0 4<7)^;j=i^ft^|^T$-tJ:/im. >?i^OPH3i:H2<!:^i/lLMLoo, 
0 1 OSJg^ 1 0 5 0°CtC±#$-tJr/Co ^IC. ^lO^NlKig 1 0 4±tC, T > 
K-7'<7)';><bii^56-^^^^2<7)#NB^H®iSl 0 5^ (C2H5) sB/PHs/H 
2MS^'^l±M0CVD^^tcJ: f)ff^^LfCo ^im^^^Wmi 0 5 (i, ^ 1 O 
#^B^BK/i 1 0 4 J: <; T (iE?L) ?1JS ^: I" fc i6 . V/III J:b^{i2 1 

m^Dr^'t-f^mma. -^(ommc (mm) -v («i±) mi^^^tii^. ixi 

o20cm-3-t?*o7to tfc. -Ag<7).i^-;i. (Hall) m^M^m^^fUf. ^ 
?^-e(7)^^';r (IEIL) mmii. 2 x l Ol^c m-3-C^)o/co T>K-yc7)^2 
(Ty^^m^m 1 0 5 0gi¥f± 1 2 nmt L/^Co 
[0 0 3 5] 

(C2H5) 3B/PH3/H2R)S^#BEMOC VD#^tc|K«}> 1 
0 2 SlCt:'. ^2(7)#0^hS^ 1 0 5±l,zry K-7°<7)pf^'; 10 6^ 

mi'ffzo pff^V ><bifl^^ 1 0 6 ^%m^^^^^m<DY yill itmii. m 1 <7) 
104ct04)l^<. ^2 (D^^nm I 0 5t m-'<D 2 1 t LfZo r > K 

-7°<^pff^'; v'fbii^gor^'-tT'^^^jtfi. -is<7)«^c (#») -V (mjE 

) •m^'i^^ 2X 1 O^^cm-^tm^^nfzo ttz. — (Ha 1 1) J* 
^•«iJ^-^tC'fi5c^x}i\ ^ia-eo^ >; T (iE?L) itJg(i, 3 x l 0 19 c m-^Xh i) 

> is^^fis X 1 o-2n • cm-e^oT'co pf^^; y^itmmm i o eco^Jias s 

OnmtLfZo mmM(0 (C2H5) 3B Oftl^^i^ih LTT > K- T^O p f^'j > 
'fbii^e 1 0 6co^ffi^ft^|l-TLf^#:. PH3i:H2i:<7)rI^#H^4'-el^6 5 

[0 0 3 6] 
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mm 2002-370420 ^-vl 18/ 

<tipC -yimm^^^^Mm 104,. 10 sRVpf^v >^mmm ioe<D^ 

^BmMi:m^LfZo ^imm^^^BM^m 104, 10 5:d-hlt. Bm^J:X^Mifr 

i£*tB%Mo';>M*o (111) m^mm-A-(b<7) n id -miffe-i^tzjjnx. 
. (3 11) -Rn (110) -min\^-^m(Dw\:^m^j:\^-i^ ^thmtfzo t 

(s p o t) ;i>n 1 1 -iiiff^±tc#<m5aL/co ^fix^^ pm')>immm 
I 0 6ii^m^Bmx-$>^<7)^^7r:^fifzo tfz^ mmTEMi^mKm^mmmr- 
(i. pff^'j >-fbiB^^ 1 0 6 (i. < 1 1 0 >^^Bijmzm Lxm\^im^^Km» 

t^^i'^<7) (111) -MH^B^^m^t/i#|gB^H/l-t:'^^^^«*'btt7t;o pff^';> 

rm^ ^ y K® 1 0 2 ^^-r nff^'; yimmm<Dmmwi. (111) -is 

H^H® ^ ^ ^ ^^^mm t ^ o T V> 
[0 0 3 7] 

^m^B<D^) yimmm 1 0 e Ji. mmxh-otztzib^ mmmw<(Dmmm 
ti'j:-rtzib<7)mm^£m-Mm^-mji^'r. ■t<DmM<D^%mzit^ f-^y (xi) 
is^hiji^hmm'mm. 1 0 7 a ^i^tt/co > (x^a-^ : t i ) ^sg^mT- 

M-I^ (beam) ^^ri-e?f^^L. HJlfie 0 nm<}: L/io ifitl* 1 3 0 m 
.ht-'i>¥Mff^^:^^Rff^^1-'6JgMmai 0 7 a -etttc^M^-^Tfi^ (x 

^le-^ : p t ) /j-^^^^^rei^ 10 7b ^f^it^'^o i o 7 b 

(iT i ^|B]C<mT-l^'-Am^/£-ef^^L. -e<7)e)5(i3 0 nmi: Lf^o 
^X^m 10 7b ic^m^iirr. # (A u) • U -^A (Be) ^^i^^htah p 
y i^^ffi^l 0 7c ^%%\^fZo pff^^^--^ ■;/iJ'mMl 0 7 c {i> JS®«;S 

1 0 7 a<oj^stcj^v^-c#iSB^HOpf^'; ^'fblim^ 1 0 ^(r>mM\zWk\^. 

. pff^u 1 0 6 (Dmmi^zm 2 {ZTv^-rtu < . mj-(^^UMmzmx 1 0 7 

c - 1 i<zK^m-k 1 0 7 c - 2 tcgee LTtio ^^vtmm 1 0 7 c - 1 ti-msM 1 

0 7 c-2 ^SsJc-r^Au • B emM<7)|^iIii(i6 0;«m^ Lfzo pff^«Ml 0 7 
(iT i mMMmi 0 7 a/P t r^l^ 1 0 7 b/A u • B e ^-^ y ^mUl 0 
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[0 0 3 81 

nff^ (1 1 1) -]^^ (Si) ^jgH^H^^isi 0 i(omm<7)m^mizit^ t)^< 

-■^A (A 1 ) -T^^^^ (Sh) ^^-^^h^j:^^-^ y ^^^(Dnf^mmi 0 
8 =^^tt^Co p n^-^MDH (double hetero) «iS<7) L E D 1 0 

^m^Lfzo M:^-^ y ^mmi 0 7 , 1 0 smKmij\^K2 0 ^vry^r ( 

mA) <7)tf)f«yjtt^ii?)fLLfc t L E D 1 0 ^ (i^^S ^ItJ 4 4 0 n m <h 1" 

-g.W^^^Tfc^^'^^^^t^tL/io -|^6^^«55-it^flJfflLTr|IJ^$tL^5^-y y (c h i 
p) mm-CfT^MB-itS ijyr-'y (mcd) "C^ofco ^7t. vay h^-^ 

mn(ommw.m i o 7 a ^@efi lt. p 1 0 7 coit:T<7)ii^e 1 0 3 

m.m^^^WLmmm^tifzmi-mi'^mit. p^^^-< y ^mmi 0 7 c k^-o t 

. pM±^^ ^ -7 1 0 6 <D^mKi!i:Wl.^-^<htitifzib. pf^^ ^ -7 K® 1 0 

mim^^%'^kl^(Dmtim^hiL^j:i)^^fZo II:^f^«vrL^2 OmA<!: L7t:|^^<7) 

M;^|6]«JE (F;fii> V f ) ^1^ 3 V t L. ^t:^ifi]«i»t^ 10 fxAt Lfzm<Dm-)i 

(Vr) «i8 VJ^:iL±^i->E.mf^mtL#tt56^'^S^tL7to 
[0 0 3 91 

mmw^ ^ V rmm t^m^Ltzv yimm^^mi^m ^i^Lxm^^^tzn 

[0 0 4 01 

. §t^m^^W}i'^^-t^fzt^(Dmm.^. pfmmi<zmBiMM'kmfx^itmi>ziiM 
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#il 2002-370420 ^- v : 20/E 

mi] 

mmmi<zmm.<7)it^s^^mi¥^ytm^ (led) (DmrnmrniTj^-tm^m-^^^) 

^ o 

[El 2] 

^woi^f£«c^o'ft:^!r^4^»#i§^^T- (LED) (D^mmf^^^irm^m'^'^ 

^ o 

1 0— L ED 

1 0 1 - S i ^ISh^hM 

1 0 2 - nff^'; ^^M^Tfli^ ^ y Vm 

1 0 3 '"§titm 

1 0 4 •••i^^i5L<^ yitmm^^^Bm 
1 0 5-'; yimmw^mnm 
1 0 6 p ff^^iga^H >; ^-fbifl^-hfp i^^ y 
1 0 7 — p^f^mM 

1 0 7 a - V 3 h ^-^B*teJ^ffi«^ 

1 0 7 h-'fpmm 

10 7c ^ 7 ^^Mttm® 

1 0 7 c - 1 '"WViW.^ 

10 7c - 2— j^t>tm^ 

10 8 --nff^S^ 
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^-v^": 1/E 
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mm 

[S^RBIl HI 1 
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